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(54) Vaso-occiusive devices with heat secured polymer fiber 

(57) This invention is a surgical device (10). In par- 
ticular, it is an implant which may be used to occlude 
vascular lumens, arteries, veins, aneurysms, vascular 
malformations, arteriovenous fistulas, or other cavities 
and lumens within a mammalian body. It is typically a 
substrate coil (11) or braid to which a number ot fibers 
(12) have been secured using heat, 
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Description 

This invention is a surgical device, in particular rt is 
an implant which may be used to occlude vascular lu- 
mens, arteries, veins, aneurysms, vascular malforma- 
tions, arteriovenous fistulas, or other cavities and lu- 
mens within a mammalian body. It is typically a substrate 
coil or braid to which a number of fibers have been se- 
cured usmg heat. 

This invention is an occlusive device , and typically 
includes a substrate, often a helical metal coe! f and a 
multiplicity of fibers incorporated therewith for enhanc- 
ing a tissue-ingrowth response lor occlusion 

We use the term "occlusive devices" to encompass 
devices for occludmg vascular lumens as well as any 
other body cavities requiring occlusion to carry out a 
medical treatment. We use the term "vase-occlusion de- 
vices* to encompass devices used in endovascular ap- 
plications, such as in occluding veins, artenes : fistulas ; 
or aneurysms, Although the invention is described 
largely in terms of vaso-ocdusion devices, we intend the 
present invention to include the wider scope of occlusion 
devices. 

Vaso-ocelusion devices of the prior art have been 
associated with two pertinent limitations. 

First, fibers for enhancing the thrombogenicity of 
vaso-occlusbn devices must be securely attached to an 
underlying substrate, usually a coil of the device With- 
out being secured, detachment of the fibers from the 
substrate coil could cause embolization at some remote, 
undesired site in the vasculature. 

Second, vaso-occlusion devices are re-deployed 
through conduit deHvery tubes (e.g., catheters or 
sheaths), often to sites in distant tortuous portions of the 
anatomy. Such delivery tubes often fit closely over the 
occlusive device. Such a fit may become tight upon any 
ovafization of the delivery tube in tight bends of a distai 
tortuous lumen. The presence of fibers extending from 
the vasoocclusive device and the orientation that those 
fibers take can add a significant frictional component 
during the deployment of the device through the delivery 
tube, Friction due to the fibers becomes more of a prob- 
lem when larger coils are employed and when distal, tor- 
tuous anatomy must be negotiated. 

The shape of the occlusive devices determines the 
overall profile of the delivery system and resultant ne- 
gociabifity of the system in the anatomy. The delivery 
system profile, in turn, affects patient morbidity. Thus, 
larger coil substrates present a more difficult problem in 
terms of accommodating fibers in the intraluminal space 
with the delivery conduit tube. One way of meeting such 
a challenge is shown in Casfaneda-Zuniga, et a!. ; in *A 
New Device for the Safe Delivery of Stainless Steel 
Coils, * Radiology 136 230-231. This document sug- 
gests that delivery of cojIs to larger artenes requires 
large-bore TEFLON-Hned catheters in order to decrease 
the friction that occurs as the coil is introduced 

Where tortuous anatomy must be negotiated, the 



conduit delivery tube lumen often assumes an oval 
cross section (i.e., it becomes "ovalized") within a turn 
and effectively narrows the lumen. Here, as well, the 
ability to accommodate the thrombogenic fibers on sub- 
£ strate coils of occlusion devrees becomes more limited. 
The following documents are typical descriptions of 
various implantable devices having attached fibers. 

U.S Patent No. 5,256.146, to Ensminger et aL dis- 
closes an implantable vascular catheterization system 
to for maintaining the tip of an jmpianted catheter at a de- 
seed position within a blood vessel. The disclosure de- 
scribes a device having an anchoring filament with "clot- 
ting means 11 attached. These clotting means may be nu- 
merous filaments of a textiie material or 'fuzz' intended 
is to cause the blood vessel in the anchoring area become 
occiuded due to blood clotting. No technique for attach- 
ing the fibers is shown nor are any particular orientation 
of the fibers described, 

U.S. Patent No. 5,382,260, to Dormandy, teaches 
so an embolizaticn device made up of a metal coil with fib- 
ers. Each group of fibers has an intermediate portion 
looped about one central turn of the coil. The ends of 
the fibers extend interiorly of the coil and outwardly of 
the coil through the spaces between two adjacent turns 
2$ that are adjacent the central turn The ends of the fibers 
are free to move. The loop serves as the sole means for 
retaining the group of fibers on the coil. 

The ends of the group of fibers extend radially from 
the coil at the same positron. They are said to be spaced 
30 extremely close along the longitudinal axis, with multiple 
fibers bundles spaced a "suitable distance" apart. This 
configuration focuses a frictional component on one 
side of the catheter The closeness and overall quantity 
of fibers that can be placed on the coil is therefore limited 
35 by the increased friction from concentrated fiber bundles 
in the intraluminal space on substantially one side of the 
coil. The "suitable distance** that multiple fibers must be 
spaced apart is largely determined by the factional re- 
sistance limitation through the delivery tube attributable 
40 to the fibers in the disclosed orientation. 

U S Patent No. 5,304,194 to Chee, the disclosure 
from which is herein incorporated by reference, disclos- 
es a vaso-occlusive device having a metal coil with at 
least one fibrous element attached to its proximal end. 
4£ The fibrous element extends in a sinusoidal wave that 
loops about individual windings at intervals spaced 
along the axis of the coil. Ghee teaches that a method 
for attaching the fibrous element is tying a knot to secure 
the end of the fiber onto the coil. Chee further teaches 
so that knotting at the ends is desirabfe, but not essential, 
since threading of the loops about the windings is suffh 
dent to anchor the bundie to the coil. 

Since Chee teaches the use of loops of fiber extend- 
ing from the coil substrate having successrve loops ori- 
ented k^ngrtudsnaUy along the substrate coiL the fibers 
ol the have a relatively constant radial aspect on the coil 
substrate. 

Although Chee also teaches the use of fibers on op- 
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posits radiaJ sides of the coil, a different fiber is present 
on each of the two opposing radial positions. Also, the 
fibers of this embodiment form loops external to the coiL 
The embodiment requires looping the fiber on one side 
of the coil substantially on the same coil windings as s 
where the fiber on the opposite coil side is iooped to 
avoid effectively ty ing the opposite bop down upon the 
coil 

U.S. Patent No. 4,820,298, to Leveen et al. T disclos- 
es a device for sealing off the dilated portion of a vas- ?0 
cular aneurysm. Leveen et al discloses a flexible tubular 
body formed from a medical thermoplastic in the form 
of a helix. The helical loops of the flexible tubular body 
are connected to strands which extend into the space 
defined by each coil of the helix to altow clot formation 
and ingrowth of tissue. Leveen teaches interfacing the 
strands with the coils by mounting or integrally forming 
them with the tubular substrate body. Such mounting or 
integral forming is said to be accomplished through the 
use of sonic welding or adhe&tves. so 

U.S. Patent No. 5,382,259, to Phelps, teaches a va- 
soocclusion coil onto which a fibrous, woven, or braided 
tubular covering or element ts placed co-axially to an 
underlying substrate by melting, fusing, or gluing the 
covering to al least one end of the substrate. The sub- 2$ 
strate is typically a braid or coil. This device is described 
as presenting a high ratio of fibrous material to metallic 
material and as being easily placed within the body's 
vasculature. 

U.S. Patent No. 3,687,129, to Nuwayser, teaches a 30 
male contraceptive device comprising a plug with a very 
fine layer of flock or coating of fabric on its outer walls 
Nuwayser teaches that the fabric web may be heat 
bonded in mats to a sheet of polymer. The polymer is 
heated with gradually rising temperature until the poiy- 35 
mer surface is softened, and the fabric is then impressed 
on the soft surface with an embossed press to ensure 
the formation of cell-entrapping loops. The disclosure 
states that the bonding technique is enhanced by using 
a substrate polymer whose melting point is lower than ^0 
the fabric material. 

The device described in Nuwayser is a holbw plug 
said to be suitable as a vas deferens occluding device. 
The device has a fabric iining on Us interior surface sim- 
ilar to that fabric taught for the outer surface. Bonding 45 
techniques taught For the outer fabric are also taught for 
the interior fabric. 

None of the c&ed references teaches a device for 
occluding body lumens or cavities having fibers secured 
to a substrate wrfh free fiber ends extending outwardly so 
from the occlusion device at radial ly spaced locations 
on the substrate when deployed in -vivo where the free 
ends orient longitudinally in the intra-luminai space 
when the device is delivered through a defivory sheath 
and consequently parallel to the friction plane to en- 
hanee co-axial delivery. 

None of I he references teach heating an interface 
between thrombogenic fibers and vaso-occiusjve sub- 



strates to cause focalized deformation in at least one of 
said substrate or fibers, securing the fibers to the sub- 
strate in a desired orientation for enhanced thrombo- 
genesis and co-axial delivery to distal anatomy 

The invention is a device for occluding body lumens 
or cavities. The device is made up of a substrate, pref- 
erably a coil, adapted for placement within a lumen or 
cavity, and a plurality of fibers that extend outwardly 
from the substrate at an interface with the substrate The 
substrate, if a helically wound coil, may be a.) one which 
is s^mpfy pushed from a delivery catheter or b.) may be 
mechanically or independently detachable from the as- 
sociated pusher or c ) may be detachable from the push- 
er by the use of a sacrificiai electrolysis-susceptible joint 
between the pusher and substrate The fibers are se- 
cured to the substrate at the interface by heating the 
interface to cause a material deformation in at least one 
of the fibers or substrate at the interface, said deforma- 
tion preventing detachment 

BRIEF DESCRIPTION OF DRAWINGS 

FIG t shows a side view portion of the occlusion 
device alter using heat to secure fibers to a substrate 

coil. 

FIG, 2 shows a side view portion of the occlusion 
device before heating the interface of a substrate coif 
and fibers. 

FIGS. 3A ( 38, and FIG 4 show side views of rep- 
resentative configurations for preferred methods of 
making an occlusion device by heat securing fibers to a 
substrate. 

FIG. 5 and FIG. 6 show a partial cross sectionaf side 
view and end view, respectively, of preferred orienta- 
tions of secured fibers relative to the substrate. 

This invention is a medical device h having a sub- 
strate and a plurality of fibers as two principal compo- 
nents, typically made using heat to secure the two com- 
ponents together. FIG. 1 depicts a preferred embodi- 
ment of the invention. The substrate 11 is shown as a 
helically wound coil. It has fibers 12 which extend radi- 
ally outward from the coif. The fibers 1 2 have a heat de- 
formation region 13 shown at the various interfaces be- 
tween fiber 1 2 and substrate 1 1 , e.g., between coil wind- 
ings 14 and 15. Because the deformation 13 is thermally 
formed using the procedure described elsewhere, the 
deformation 13 secures the fibers 12 to substrate It. 
When the fiber is a thermoplastic, contains a thermo- 
plastic, or is coated with a thermoplastic, the softening 
or mefting of the polymer in the fiber as is produced us- 
ing the noted thermal procedures promotes adhesion of 
the fiber to the substrate. 

Although the invention may involve deformation of 
either or both of the fibers 12 and/or substrate 11, for 
ease and economy of description, most of the further 
embodiments of the invention described below utilize a 
metal helical coil as the exemptetive substrate. In this 
way the heat deformation 13 is largely isolated in the 
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preferred thermoplastic polymeric fibers Other sub- 
strates, e.g., braids or tubing or combinations of these 
with coils are included within the scope of the invention. 

FIG. 2 shows the device of FIG. 1 before being heat- 
ed by one of the preferred methods to secure the fibers $ 
12 to the substrate coil 11. RG. 2 shows fibers 12 
threaded between windings 14 and 15 of coil 11 before 
heating. 

The substrate coils 11 are typically made of a metai 
such as platinum, tungsten, gold, stainless steel, or of 
ailoys such as tungsten and platinum A tungsten-piati- 
num alloy is preferred because of its strength and tough- 
ness. The material desirably is radiopaque and the di- 
ameter of the wire will usuaily be in the range of 0.0005 
to 0.010 inches. The coil 11 has a multiplicity of individ- ?s 
ual windings, as shown by example at 1 4 and 1 5 Jo form 
a helix with an internal lumen 1 6 typically having an inner 
diameter from 0.0015 to 0.040 inches, preferably being 
about 0.009 inches The axial length of the coil will usu- 
ally be in the range of 0.2 to 100cm, more usualiy 0 2 to 20 
40cm and the diameter of the coil will normally be 0.006 
to 0,080 inches. For most neurological uses the coil di- 
ameter may be in the range of 0.010 to 0.040 inches. 
The coil will typically have about 5 to 70 windings per 
cm, more typically about 10 to 40 windings per cm. 2S 

Coifs having an Q.D. from .020 to .080 inches, 
preferably .020 to .060 inches, are often used where 
^arge diameter coils or high strength coils are desirable, 
e.g., in large vessel or aneurism occlusion. 

The present invention includes combinations of so 
substrates and fibers where the substrates are deploy- 
able using any of a variety of number of detachment de- 
vices. For instance, the invention includes substrates 
such as are taught in GugHefmi et al (U.S Patent No. 
5,122,136 and its continuation-in-Part U S. Patent No. ss 
5,354,295); that is, substrates which are electrolyticafiy 
detachable from the pusher or core wire used to ad- 
vance the substrate through the delivery catheter to the 
selected delivery site Mechanically detachable coifs, 
such as those found in U.S. Pat. No. 5,261,916, to En- 40 
gelson; in U.S. Pat, No. 5,304 T 195, to Twyford et ai; in 
U.S. Pat No. 5,312,415, to Palermo; in U.S. Pat. No 
5,350,397, to Palermo et al are all suitable for use as 
the substrate in this invention. 

Other coils suitable as the substrate component 1 1 ^ 
of the present invention include, but are not limited to 
coils having secondary shape characteristics, such as 
for example vortex or spiral secondary shape charac- 
teristics, (e.g., U.S. Pat No. 4.994,069, to Ritchart et a!) 
may be used as substrates for the present invention, so 
Each of these patents is incorporated by reference. 

The fibers of the invention may be a bundle of indi- 
vidual fibers or filaments (typically 5 to 100 Ubers per 
bundle, preferably 20 to 30 fibers per bundle). The fibers 
1 2 may be made of thermoplastic polymeric matenaf or ss 
selected from materials such as Daeron (polyethylene 
terephthaiate), poiyolefins such as polyethylene and 
polypropylene, poiyurethane. pofyvinyfchloride, vinyli- 



denechloride, poiyglycolic acid, polylactic acid, fiuoro- 
carbon polymers such as poiytetrafiuoroethyiene, Ny- 
lons (poiyamide} = or s\\K. The length ot fibers 12 can 
range from 0.5 mm to 100 mm, typically ranging from 
1 .0 mm to 5.0 mm. 

In Figure 2, the fibers 12 are as individual fibers or 
filaments that have separated from a bundle when in- 
troduced into substrate coil 11. The multiple separated 
fibers 12 are separated, as it by a comb, amongst the 
adjacent windings 14 ; 15 of the coil. The fibers act as 
spreaders between the coil turns when those turns are 
closely spaced. In this configuration, elastic recoil of the 
con windings exert a force on the fibers 12 partially to 
hotd them in place, although, perhaps obviously, such 
fibers may still be easily pulled and detached from said 
coil 11. This is particularly true when the coif substrate 
11 has a secondary coil geometry as shown in Ritchart 
et ai or is otherwise put on a bend radius. In such a sit- 
uation, the outer radius side of the coil is open, increas- 
ing the spacing between windings. The elastic recoil 
forces of the coil windings onto the fibers can aid In cre- 
ating a deformation 1 3 of fibers 1 2 during heating to help 
secure fibers 12 to coii 11 when heated. 

FIGS 3A, 3B, and 4 show preferred ways to prac- 
tice the inventive method of applying heat to deform ei- 
ther fibers or a substrate and secure the fibers to the 
substrate and form the inventive device In the preferred 
methods described, the heat is localized in the region 
where the fibers meet the substrate. This procedure pre- 
cludes deformation of the fibers that is unnecessary to 
the securement of the fibers This k>ca\lzed heating al- 
lows retention of the benefit permitting the fibers to ex- 
tend radially from the substrate for enhancing a throm- 
bogenic or tissue in-growth response. 

FiG. 3A shows a first preferred method of making 
the occlusive device 10 in FIG. 1. Using this method, 
substrate 1 1 , itself, serves as the heat source for secur- 
ing fibers 12thereto. it is further preferred that substrate 
11 comprises a metal coil wherein the coii is heated by 
using power source E to apply a voltage V across the 
coii and induce a current i therethrough, as shown here 
in FIG. 3A. This simple circuit causes the resistive metal 
in the substrate 11 to emit heat to deform the fibers 12. 

It should be apparent from the description of the in- 
vention herein that although the resistant heat source in 
this procedure may be primarily a formed metal, other 
substrate materials suitable for producing the necessary 
heat include but are not limited to such materials and 
mixtures as: wire-Imbedded or etched composites, lam- 
inates, metal hypotubes, or any other material that con- 
tains a conductive heat emitting element and performs 
functionary as a substrate adapted for placement within 
a body lumen or cavity. 

A further embodiment of the first preferred method, 
shown in FIG. 38 ; involves heating only the isolated re- 
gions of substrate coil 11 where a fiber or plurality of 
filament fibers 1 2 are introduced. In this method, a short- 
er distance of substrate, here shown as b, is heated at 
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a given time, minimizing the effect of resistance varia- 
bles that could otherwise significantly impact the cur- 
rent-induced heat production when applying a voltage 
over a significantly longef length of wound coil or other 
substrate. 

Heating the substrate and fiber in the way shown in 
Fig. 3B results in localizing the produced heat within the 
lumen formed by the substrate coil 11 and at the sub- 
strate coil 11 surface. 

FIG. 4 shows another preferred method of using 
heat to secure fibers 12 to substrate 11 (again shown 
here by example as a coil). Because of the variably in 
voltage/resistance/current/heat relationships of a long 
length of wound coil, this method is somewhat easier to 
practice consistently than the method discussed just 
above. 

In this preferred method, a heat source 20 is extend- 
ed into and through lumen 16 formed by substrate 11. 
This heat source 20 emits heat within lumen 1 6 to there- 
by cause the localized deformation of the fibers desira- 
ble for securing fibers 12 to substrate 11, 

Preferably, heat source 20 is an electrically conduc- 
tive elongate member, it is even more desirable that the 
heat source rs in the form of a metal mandrel, perhaps 
used as the mandrel for winding and heat treating the 
substrate coil. Again, it is preferred that the fiber take 
the form of a thermoplastic polymer. Mandrel 20 is heat- 
ed by using a power supply E to apply a voltage V across 
the mandrel or otherwise by causing current to flow 
therethrough. By heating the inside of substrate 11 with 
the mandrel, there is a temperature gradient between 
the lumen 16 of the coil and the exterior space surround- 
ing coil 11 where the fibers 12 radially extend and ter- 
minate. This gradient is largely due both to temperature 
drop as a function of distance from heat source 20 and 
due to a heat sink rote played by the substrate 11 , par- 
ticularly when it is in the form of a thermally conductive 
metal coil. 

The resultant fiber deformation due to heating the 
substrate and coils with this method is also highly local- 
ized. Using the preferred materials for substrate (metal 
coil) and fiber (thermoplastic polymer, preferably Da- 
cron) : this focalized deformation is largely present at the 
interior junction between the fiber element within the lu- 
men of coil 11 and the interior surface of that coil 11 . 

The method depicted in FIG. 4 preferably uses a 
mandrel, which may be coated with a heat resistant cov- 
ering, e.g M PTFE or the like, which resists adherance to 
the fiber material, The mandrel 20 may have an outer 
diameter ranging from .002 inch to .009 inch, 
preferably .004 inch, tor use in a coH having a .009 inch 
inner diameter. 

In carrying out the method shown in FIG. 4 S libers 
12 are placed generally perpendicular to the long axis 
of coil 11 and between coil windings, such as shown at 
14 and 15, at desired intervals abng the fength of the 
coil 1 1 . Mandrel 20 is advanced through inner lumen 1 6 
of coil 11 such that it extends beyond each end 17 and 



18 of coil 11. A voltage V of approximately 2-3 Volts may 
be applied across a length of mandrel 20 subsuming the 
length of the coH lumen 16, resulting in an applied cur- 
rent of approximately 0.25 -0.40 Amperes for a mandrel 
$ 20 of the given dimensions. The resultant current heats 
the mandrel and causes a deformation of portions of fib- 
ers 12 within the lumen of coH 11. Such deformation 
thereby secures fibers 12 to the coil 11 and prevent them 
from loosening when the mandrel 20 is withdrawn from 
to coil 11 after the heat deformation process. 

The procedures described above may also be per- 
formed with inductive heating, desirably localized, rath- 
er than resistive heating. Direct heat transfer, e.g., by 
radiation, may also be used to perform these proce- 
ss dures Alternatively, a light source may be employed as 
the energy source either within or without the lumen of 
the substrate, to cause heating of the fiber or substrate 
and thereby secure the fiber to the substrate. 

To the extent that any of these heat sources are ap- 
20 pied in a non-localized manner, there are some detri- 
mental side effects to their use. For instance, it may be 
difficult to prevent deformation or stiffening of the poly- 
meric fibers or substrate when using less localized heat 
sources. 

25 In any or all embodiments, the applied heat used to 
secure the fibers to the substrate may result in many 
differing chemical or mechanical mechanisms of secur- 
ing the fibers 12 to substrate 11. Any such resultant 
mechanism is within the scope of the invention as long 
so as such mechanism results from heating the interlace 
of substrate and fibers to secure them together for use 
as a device for occluding body lumens or cavities. 

FIG 5 provides some examples, non-inclusive of all 
possible mechanisms, of fiber deformations and related 
35 mechanisms resuming In securing the fibers to a sub- 
strate coil in the present invention. 

For instance, the heat source may be of sufficient 
temperature to melt the fiber or substrate, thereby se- 
curing the fiber to the surface of substrate coif {once 
40 melted and then cooled) as is shown at representative 
fiber 30 of FIG. 5 Preferably, the fiber is made of Da- 
cron, having a melting point of 250 - 350 a F. 

It Is possible to achieve fusion of the component 
materials of the fiber and substrate if at least a portion 
45 of the substrate and at least a portion of the fiber are of 
the same or similar material such that each has a melt- 
ing response to the applied heat. Such would be the 
case, for example, where a polymer is co-extruded onto 
the metal wire forming the coiL said polymer being of 
so sfmHar properties to a polymer material of the fiber, both 
of the polymers melting together to form a melt bond. 

Fibers may also be mechanically secured at the in- 
terface with the substrate due to a deformation of either 
the fiber or the substrate due to heating. In such a case, 
ss there is a deforming of the substrate or fibers, either 
alone or in addition to meiting the substrate or fibers, 
that mechanically secures these components together. 
Preferably, such deformation would be in thermoplastic 
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polymeric fibers and the substrate aga^n would be a met- 
al coil. 

Mechanicaily securing the fibers to the substrate, 
as contemplated by the present invention, includes fib- 
ers melting or merely softening under elevated heat and s 
deforming at the interface with the substrate coil, con- 
forming their geometry to the unsoftened substrate sur- 
face at the interlace and remaining so conformed in the 
deformed geometry after cooirng. Although this de- 
scribed "mechanically conformed* configuration ap- ?<? 
pears similar to the melted fiber configuration shown in 
representative fiber 30 of FIG. 5 t here the geometric 
conformity rs what mechanically prevents detachment, 
as opposed to "meting" as the term is used in this text 
to mean both the state change in the material as well as 
the surface interaction securing a first material to anoth- 
er when it is "melted" to it. 

The fibers may also simpty deform into a new shape 
after a heating step that effectively prevents the fibers 
from being withdrawn from the substrate. fnsuchacase = 20 
the fiber is removeably interlaced with the coil before 
heating, such as when threaded between windings of 
the coif with the long axis of the fibers substantially in 
parallel alignment with the windings, shown by example 
in representative fiber 31 of FIG. 5. The deformed shape 2$ 
of the fiber after heating subsequently prevents it from 
being removed through said windings, such as where 
the deformed geometry of the fibers in the coil lumen 
has a dimension that will not easily frt through the wind- 
ing spacing, as is shown in representative fibers 32, 33, so 
34, and 35 of FIG. 5. 

Such a configuration may be achieved, for example, 
by irradiating fibers made of polymeric material to create 
a cross-linked recovery memory diameter, subsequent- 
ly necking the fibers down to a smalier diameter, thread- 35 
ing the fibers through the coils, and then heating the fib- 
ers. This would cause the fiber to recover to a larger 
dimension in the lumen, and perhaps in the exterior 
space closely surrounding the coil a dimension equal 
to or less than the recovery memory diameter but great- 40 
er than the necked diameter. The coil windings restrict 
such recovery in the space therebetween, with the larg- 
er recovered sections being required to fit through the 
spacing between the coils in order to un-threadthe fiber 
from the coit. This is shown in representative fiber 32 of *s 
FIG. 5. 

Another way such a deformation for securing fibers 
to substrate may be achieved, for example, is by the 
simple amassing of the deformed fibers when meited F 
so that the amassed portions have geometry that can so 
not fit between the winding spacings to be puNed there- 
through for removal o? the fiber. An example of this is 
shown in representative fiber 33 of FIG. 5. This is a 
mechanism in contrast with melting the fiber onto the 
coil, such as in representative fiber 30 of FIG. 5, wherein ss 
there is a resultant surface interface between fiber and 
coti to prevent detachment. Fiber 33 shows, for purpose 
of exampie oniy y that the middle portion of the fiber may 



become so deformed as a result of the local heating that 
a break in the continuity of the fiber occurs. The sides 
of the fiber, formed after breaking, are still considered 
as the same fiber. 

Representative fiber 34 shows an example of a fiber 
being deformed both within the lumen of the coil and in 
the exterior of the coil but closely surrounding the coil. 
Such a configuration is also a result of heating that 
would effectively secure the fiber to the coil, as the fiber 
could not be threaded back through and away from the 
coil. 

Representative fiber 35 shows an example of a fiber 
softening or melting while the elastic recoil force of the 
coil windings pinch into the softened or melted fiber to 
embed the windings into a deformed state, thereby se- 
curing the fibers to the coils. 

Other embodiments of the invention include fibers 
each having end portions extending from the substrate 
substantially spaced from the other radially about the 
substrate, desirably at generally equal lengths. Prefer- 
ably, the end portions of the fibers extend outwardly from 
the substrate coii at least 90° radial separation from 
each other This is repeatably achieved by the method 
of the invention described in various embodiments de- 
scribed above. 

FiG. 6 shows representative fiber 40 in the de- 
scribed orientations which, either taken separately or 
when taken together, are designed to reduce friction 
during co-axial delivery through conduit sheaths or 
tubes as weli as to achieve desired thrombogenic or oth- 
er tissue in-growth responses. The orientation angle 42 
mentioned above is shown in Fig. 6. 

The vasoocdusion device of this invention may be 
used in a preferred manner similar to the procedure 
shown in U.S. Pat. No, 4,994,069. Briefly, the coil may 
be supplied in prepackaged form in a sterile cannula 
which is adapted to engage the proximal end of a cath- 
eter. The fiber end portions will be pressed flat against 
the coil for placement in the cannula and catheter 

Once the catheter is in place within the vessel, the 
coil-containing cannula is placed into engagement with 
the proximal end of the catheter and the coil is trans- 
ferred from the cannula lumen into the catheter fumen 
by exerting force on the proximal end of thecoH. A push- 
er rod is used to push the coil through the catheter to 
the desired coil release site. While tracking through the 
co-axial luminal space, the free fiber ends of the inven- 
tion naturally groom themselves in a linear orientation 
paraNel with the direction of travel, a desired configura- 
tion for reducing resistance from the plane of friction at 
the inner lumen surface of the delivery catheter. Fibers 
having ends radially separated on substantially opposite 
sides of the coH will afso minimize frictions! resistance, 
spreading the distribution of such resistance into a more 
evenly distributed load component about the radial axis. 

The location of the coii may be visualized due to the 
radiopacity of the heNca) coil, Once at the site, the coll 
is plunged from the catheter lumen into the vessel. This 
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allows the flexible fiber ends to extend outwardly from 
the coN surface to fill the vessel. 

Modifications of the above-described modes for 
carrying out the invention that are obvious to those of 
skill in medical device design generally, and vasoocdu- 
sion specifically are intended to be within the scope ot 
the following claims. 



Claims 

1 . A method for making a device for occluding a lumen 
or cavity in a mammal, comprising the steps of: 

(a) bringing fibers into contact with a substrate 
to form an interface therebetween; and 

(b) heating at feast one of the substrate and the 
fibers to cause a deformation in at least one of 
the substrate or the fibers at the interface to se- 
cure the fibers to the substrate, 

2. The method of claim 1 , wherein the substrate com- 
prises a heat source, and wherein heating step (b) 
comprises emitting heat from the heat source, caus- 
ing a deformation at the interface to secure the fib- 
ers to the substrate. 

3. The method of claim 1 , wherein the substrate is an 
electrically conductive coil, and wherein step (b) fur- 
ther comprises causing an electrical current to flow 30 
through the coil, 

4. The method of cJaim 1, wherein the substrate de- 
fines an inner lumen, and wherein step (b) compris- 
es extending a heat source into the lumen and then 35 
emitting heat from the heat source, causing a do- 
formation at the interlace to secure the fibers to the 
substrate. 

5. The method of claim 4, wherein the heat source 40 
comprises an eleetricaily conductive member and 
wherein step (b) further comprises causing an elec- 
trical current to flow through the member. 

6. The method of any one of claims 1 to 5 t wherein ^5 
step (b) comprises melting at least one of the sub- 
strate and the fibers to secure the libers to the sub- 
strate at the interlace. 

7. An occlusive device for occluding a lumen or cavity so 
in a mammal comprising: 

(a) a substrate adapted for placement in a lu- 
men or cavity; and 

(b) a plurality of fibers, each of said fibers ex- 
tending from said substrate at an interface ther- 
ebetween and being secured to said substrate 
by heating at least one of said substrate and 



said fiber. 

6. The occlusive device of daim 7, wherein each of 
said fibers is secured to said substrate by meJting 
5 at least one of said substrate and said fibet 

9. The occlusive device of claim 7 or claim 8, wherein 
each of said fibers comprises thermoplastic poly- 
meric material. 

10. The occlusive device of any one of claims 7 to 9, 
wherein said substrate comprises a coil with a mul- 
tiplicity of wtndmgs defimng a iumen, 

*5 11, The occlusive device of claim 10, wherein said coll 
comprises a metal or metal alloy. 

12, The occlusive device of claim 10 or claim 11, where- 
in each of said fibers extends from said fumen, be- 

20 tween adjacent windings of said coil, and externally 
of said coil, 

13. The occlusive device of claim 12, wherein each of 
said fibers has first and second end portions and a 
middle portion extending therebetween, at least 
one portion of said middle portion being secured to 
said coil between adjacent windings, and said end 
portions being external to said coil. 

30 14, The occlusive device of claim 13, wherein said first 
end portion extends from said coil at a first location 
and said second end portion extends from said coil 
at a second location at least 90° opposed to said 
first location on the radial aspect of said coiL 



15. A device for occluding a body lumen or cavity in 
mammals comprising: 

(a) a helically wound coil adapted for placement 
in a body lumen or cavity, said coil having a mul- 
tiplicity of windings defining a lumen; and 

(b) a plurality of fibers, each of said fibers hav- 
ing first and second end portions and a middle 
portion extending therebetween, said middle 
portion being secured to said coit f said first end 
portion extending outwardly from a first location 
between a first coil winding and a second coil 
winding adjacent to said first coil winding, and 
said second end portion extending outwardly 
from a second location, said second location al- 
so being between said first coil winding and 
said second cotf winding. 

16. The device of claim 15, wherein said first location 
is at least 90° opposed to said second location on 
the radial aspect of said coiL 

17. The device of ciaim 15 or claim 16 5 wherein said 
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middle section extends inward Ey into said coil lu- 
men, and wherein said first coil winding is spaced 
from said second coil winding by a separation, a 
portion of said middle section having a diameter 
larger than said separation such that said Fiber is $ 
prevented from being pulled through said coiL 

18, The device of claim 15 or claim 16, wherein said 
middle section extends inwardly into said coil lu- 
men, wherein said first co\\ winding and said second to 
coil winding are spaced by a separation r and where- 
in each of said end portions ot the fiber has a de- 
formed portion substantially at the location where 
said end portion extends outwardly from said coiL 
each of said deformed portions having a larger di- is 
ameter than said separation such that said fiber is 
prevented from being pulled through said coil. 
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FIG. 3A 




FIG. 3B 
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